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Summary
Purpose: To evaluate the magnitude of subclinical balance dysfunction in adult
epilepsy patients and to assess the relative contribution of different variables to
balance impairment.
Methods: Balance performance was evaluated by computerized dynamic platform
posturography (CDPP) in 25 adult patients following a generalized tonic—clonic
seizure (GTCS) and in 11 healthy subjects.
Results: The GTCS was a breakthrough seizure in 20 patients with epilepsy and a first
seizure in 5. Seven of the patients had localization-related epilepsy and 13 had
generalized epilepsy. Mean epilepsy duration was 6.6 years. Nineteen of the patients
were treated with antiepileptic drugs (AEDs), 16 on monotherapy and three on
polytherapy. Brain CT scan and EEG abnormalities were found in 7 and 14 patients,
respectively. None of the patients had clinical signs of balance dysfunction.
Postural function, measured by Sway Index (SI), was worse in the patients
compared to controls. A lower SI was found in patients who did not receive AEDs,
had one or two seizures, had a disease duration of less than a year and had a
generalized epilepsy.
Conclusions: Although the study group was small and heterogeneous and only a small
number of parameters have reached statistical significance, it seems that posturo-
graphy can be helpful in the evaluation of postural stability in adult patients with
epilepsy.
# 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Dizziness and unsteadiness are common complaints
in epilepsy patients. However, only rarely does the* Corresponding author. Tel.: +972 8 9778134;
fax: +972 8 9779182.
E-mail address: revitalgm@hotmail.com
(R. Gandelman-Marton).
1059-1311/$ — see front matter # 2006 British Epilepsy Association
doi:10.1016/j.seizure.2006.08.002neurological examination reveal findings compati-
ble with balance deficit. Such are more often
found in patients treated with anti-epileptic drugs
(AEDs), especially with dose escalation or drug
intoxication and in patients with obvious motor
disability.1,2 Unsteadiness as a part of a cerebellar
syndrome may also be one of the long-term seque-
lae of status epilepticus (SE) or the result of a
long-standing seizure disorder.3—5 High-frequency. Published by Elsevier Ltd. All rights reserved.
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postural stability.6 In addition, episodes of dizzi-
ness and paroxysmal vertigo may represent seizure
events.7
Computerized dynamic platform posturography
(CDPP) has been used to study the postural sway,
an important indicator of balance function, in a
variety of vestibular, musculoskeletal, central and
peripheral nervous system disorders.8 In addition, it
is used to monitor improvement in postural stability
during vestibular rehabilitation.9
Published data on balance function in adult epi-
lepsy patients are scarce and the factors influencing
postural stability in these patients are to a great
extent unknown. The recognition and possible mod-
ification of such factors may improve the treatment
and the quality of life in epilepsy patients.
The purpose of our study was therefore to eval-
uate the magnitude of subclinical balance dysfunc-
tion in adult epilepsy patients and to assess the
relative contribution of different variables to bal-
ance impairment.Methods
Subjects
Informed consent was obtained from all patients
and healthy subjects who agreed to participate
in the study and the study was approved by
the Ethics Committee at Assaf Harofeh Medical
Center.
The study group consisted of 25 patients, 19
males and 6 females, aged 16—52 years (mean,
31.8  10.2 years), who were consecutively
admitted to the Neurology Department during a 1-
year period for the evaluation of a first generalized
tonic—clonic seizure (GTCS) event (n = 5), a second
GTCS (n = 5) or a breakthrough seizure in known
epilepsy patients (n = 15). According to the inter-
national classification of epilepsies and epileptic
syndromes (ILAE 1989), 7 patients had localiza-
tion-related epilepsy and 13 had generalized epi-
lepsy. Epilepsy duration prior to balance test ranged
between 1 week and 20 years (mean, 6.6 years).
Frequency of seizures in patients having a long-
standing illness ranged between twice a week and
once every 4—6 years. The neurological examination
was normal in 24 patients and 1 patient had frontal
reflexes. Of the 19 patients who were treated with
AEDs, 16 received monotherapy [phenytoin (4),
carbamazepine (10), valproic acid(2)], and 3
received polytherapy [carbamazepine and valproic
acid (1), carbamazepine and phenobarbital (1),
phenytoin and valproic acid (1)] (Table 1).None of the patients had drug intoxication as
assessed by serum concentration measurement
before the morning dose, several hours prior to
the balance test.
Eighteen patients had a normal brain CT scan.
Pathological findings were demonstrated in seven
patients and included convexity meningioma (1),
slight frontal atrophy (1), right frontal encephalo-
malacia, state following resection of frontal menin-
gioma (1), arachnoid cyst in the posterior fossa (1),
right putaminal calcification (1), left insular glio-
blastoma multiforme (1) and right mesial temporal
sclerosis (1).
Eleven patients had a normal EEG recording.
Abnormalities were found in 14 patients and
included slowing (n = 7), interictal epileptiform dis-
charges (n = 6) or both (n = 1).
Controls
The control group included 11 healthy subjects, 6
women and 5 men, aged 19—60 years (mean,
40.7  13.9), all professional staff of the Neurology
Department and the EEG lab. They had performed
only tests 1—4 of the balance examination as
detailed below.
Equipment and protocol
The Chattecx balance system measured the body
weight distribution while the subject was standing
on two pairs of footplates, each pair supporting the
heel and the ball part of one foot. The plates were
placed on a base platform, either 12 cm apart for
two-legged tests, or one next to the other for tests
performed in one-legged stance. Each plate is
equipped with an electronic pressure transducer,
whose signals are read and measured at a rate of
100 Hz by an IBM PC computer.
Static balance testing was done with the feet
12 cm apart (in two-legged stance) or on one leg
only, and arms held at the body sides. During the
tests with eyes open, the subject focused on a white
dot with a diameter of 3 cm, marked on a board
placed at a distance of 2 m from the platform.
Dynamic balance testing was performed with the
same two-legged position, but with the platform
moving angularly with an anterior and a posterior
tilt of 48 from the horizontal. The angular perturba-
tion to both directions and back to horizontal lasted
8.33 s.
One aspect of the balance assessment is the Sway
Index (SI), defined as the standard deviation of the
time and distance the subject spent away from his
center of balance, which is the average of the X and
Y coordinates.
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able 1 Demographic and clinical data in 25 patients following a generalized tonic—clonic seizure
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s.The balance examination included six tests, each
lasting 25 s, as follows:(1) Eyes open and platform stable (OS)–—repeated
three times.(2) Eyes open, arms straight ahead and platform
stable (OSA).(3) Eyes closed and platform stable (CS).
(4) Eyes open and the platform moving angularly
(OA).
(5) Eyes closed and the platform moving angularly
(CA)–—repeated three times.
(6) Eyes open, standing on one foot (repeated
twice–—once for each leg) and platform stable.Statistical analysis
All continuous variables were analyzed using either
t-test for two sample mean values, or analysis of
variance (ANOVA) for variables with more than two
sample mean values. Statistical significance was
determined at p < 0.05.Results
The SI was higher in the patients as compared with
controls in all the balance tests (p > 0.05) (Table 2).
In addition, SI was lower in the least demanding
test–—OS, both in controls and patients. It increased
in both groups as the tests becamemore demanding,
i.e. the CA test.
Patients with only one seizure had a lower SI in all
balance tests as compared to patients with two
seizures or more, especially in the CA and the
one-legged stance tests (Fig. 1). In addition,
patients with one or two seizures had still a lower
SI in all balance tests as compared to patients with
more than two seizures, significant for the left-
legged stance test (p = 0.022) (Table 3).
Patients who did not receive AEDs had a lower SI
in all balance tests, except the OA test, as com-
pared to patients on monotherapy. Patients on
polytherapy had a higher SI in all balance tests,
statistically significant in the OSA, CS and right-leg
stance tests ( p = 0.031, 0.012 and 0.033, respec-
tively) (Fig. 2).
The SI in patients with generalized epilepsy was
lower compared to patients with localization-
related epilepsy in most balance tests, except in
the OSA and CS tests ( p > 0.05). When patients with
localization-related epilepsy were compared to
patient with a single GTCS, the SI difference was
nearly significant in the right- and left-legged stance
tests (p = 0.063, p = 0.06) (Table 4).
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Figure 1 Sway Index according to number of generalized tonic—clonic seizures. Mean sway index (SI) in patients with
one generalized tonic—clonic seizure (GTCS) (white bars) and two seizures or more (striped bars) in seven balance tests:
open eyes, stable platform (OS), open eyes, stable platform, arms straight ahead (OSA), closed eyes, stable platform
(CS), open eyes, angular platform (OA), closed eyes, angular platform (CA), right-legged stance (R), left-legged stance
(L). SI is higher in patients with two GTCSs or more in all balance tests as compared to patients with a single GTCS.The SI in epilepsy patients (n = 20) with a disease
duration of less than a year was lower compared to
patients with epilepsy of longer duration (p > 0.05)
(Table 5).Table 3 Sway index according to number of seizuresDiscussion
This study revealed impaired balance function in
adult epilepsy patients who did not complain of
dizziness or unsteadiness. Polytherapy, number of
seizures, epilepsy type and duration seemed to be
the most important variables affecting balance per-Table 2 Sway Index in patients with seizures and in
healthy subjects
Patients
(N = 25)
Healthy
subjects
(N = 11)
p
OS 5.95  0.53 4.87  0.36 0.203
CS 6.99  0.77 5.67  0.56 0.289
OA 25.86  2.25 21.24  2.40 0.228
CA 34.92  1.57 34.60  1.92 0.906
Results expressed in mean  standard error. OS, open eyes,
stable platform; CS, closed eyes, stable platform; OA, open
eyes, angular platform; CA, closed eyes, angular platform; p,
statistical significance.formance. The single-legged stance and the closed-
eyes platform stable (Romberg) tests seemed to be
the most sensitive to the subtle differences within
the epilepsy group, although clinically noncontrib-
utory, since Romberg sign was negative in all our
patients. The identification of a subclinical balance
dysfunction in our patients provides an additional
support to the importance of monotherapy in the
treatment of epilepsy patients. In addition, the
existence of postural instability in epilepsy patientsGroup 1
(N = 10)
Group 2
(N = 15)
p
OS 5.23  0.57 6.43  0.78 0.270
OSA 5.09  0.55 6.01  0.73 0.367
CS 5.61  0.52 7.91  1.19 0.149
OA 23.56  3.16 27.39  3.13 0.417
CA 33.02  2.16 36.19  2.19 0.334
R 16.98  1.54 20.47  1.88 0.198
L 14.57  1.2 22.95  2.64 0.022
Results expressed in mean  standard error. Group 1, patients
with one or two seizures. Group 2, patients with more than
two seizures. OS, open eyes, stable platform; OSA, open eyes,
stable platform, arms straight ahead; CS, closed eyes, stable
platform; OA, open eyes, angular platform; CA, closed eyes,
angular platform; R, right leg stance; L, left leg stance; p,
statistical significance.
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Figure 2 Sway Index in patients according to treatment with antiepileptic drugs (AEDs). Mean sway index (SI) of
patients without AEDs (white bars), patients treated with one AED (monotherapy) (striped bars) and in patients treated
with two AEDs (polytherapy) (black bars) in seven balance tests: open eyes, stable platform (OS), open eyes, stable
platform, arms straight ahead (OSA), closed eyes, stable platform (CS), open eyes, angular platform (OA), closed eyes,
angular platform (CA), right-legged stance (R), left-legged stance (L). SI is higher in patients on monotherapy compared
to patients without AEDs in all the tests, except OA. SI is higher in patients on polytherapy in all the tests as compared to
patients on monotherapy.may have an impact on the quality of life in these
patients. Therefore, the identification of modifiable
risk factors for balance dysfunction evolvement can
guide treatment decisions and further implement
the advantage of monotherapy over polytherapy.
The importance of balance examination in epi-
lepsy patients was already demonstrated by Beck-
ung and Uvebrant,2 who have studied balance
performance along with other neurological func-
tions in 72 children with severe intractable epilepsy.Table 4 Sway Index according to epilepsy type
Group 1 (N = 5) Group 2 (N
OS 5.18  0.72 6.36  0.9
OSA 4.26  0.51 5.91  0.6
CS 5.32  0.92 7.29  0.8
OA 25.2  5.36 26.91  4.5
CA 29.62  3.06 38.06  2.8
R 14.98  1.88 23.49  3.3
L 13.96  2.16 25.89  4.8
Results expressed in mean  standard error. Group 1, patient with
epilepsy. Group 3: patients with generalized epilepsy. OS, open eyes,
ahead; CS, closed eyes, stable platform; OA, open eyes, angular pla
left leg stance; p, statistical significance.They had found that balance impairment was fre-
quent not only in children with epilepsy and mental
retardation and/or cerebral palsy but also in chil-
dren with epilepsy without clinical neurodeficits.
The effects of vagal nerve stimulation on balance in
epilepsy patients were examined in several studies
by Clarke et al.6,10,11 In one study,10 the effect of
high frequency vagal nerve stimulation on the area
of sway, total sway and cognitive function was
examined in three adult epilepsy patients who were= 7) Group 3 (N = 13) p
1 6.03  0.86 0.753
5 6.03  0.84 0.384
0 7.47  1.37 0.571
7 25.54  3.19 0.96
3 35.27  2.19 0.185
2 18.27  1.31 0.063
3 18.38  1.77 0.060
a single seizure. Group 2, patients with localization-related
stable platform; OSA, open eyes, stable platform, arms straight
tform; CA, closed eyes, angular platform; R, right leg stance; L,
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Table 5 Sway Index in epilepsy patients according to
disease duration
Group 1
(N = 6)
Group 2
(N = 14)
p
OS 5.27  0.77 6.52  0.83 0.376
OSA 4.88  0.88 6.46  0.72 0.219
CS 5.1  0.67 8.39  1.19 0.1
OA 21.13  2.57 28.11  3.37 0.218
CA 34.88  2.14 36.83  2.3 0.617
R 18.57  1.72 20.75  2.02 0.519
L 18.9  1.52 21.91  2.98 0.532
Results expressed in mean  standard error. Group 1, patients
with disease duration of less than a year. Group 2, patients
with disease duration of more than a year. OS, open eyes,
stable platform; OSA, open eyes, stable platform, arms
straight ahead; CS, closed eyes, stable platform; OA, open
eyes, angular platform; CA, closed eyes, angular platform; R,
right leg stance; L, left leg stance; p, statistical significance.treated with vagal nerve stimulation for intractable
epilepsy. They had failed to find any significant
differences in the ‘‘ON’’ and ‘‘OFF’’ stimulation
situations. In another study, Clarke et al.11 exam-
ined balance function in eight patients with intract-
able epilepsy who were implanted with a vagal
nerve stimulator. Area of sway was recorded in quiet
standing both with eyes open and closed. There
were no significant differences with low frequency
stimulation between preoperative and 6 months
post-operatively. In a third study, balance function
was examined in eight patients with vagal nerve
stimulation over 28 months and no adverse effects
on postural stability were found.6
The influence of polytherapy and disease dura-
tion on balance function in epilepsy patients was
investigated in several studies. Kowalski and Di
Fabio12 studied gross motor function and balance
performance in 21 children with epilepsy, who did
not have mental retardation or cerebral palsy. They
had found significant deficits both in motor profi-
ciency and balance function. No statistically signifi-
cant differences were found between patients with
generalized or partial seizures in static or dynamic
balance tests. However, similar to our results,
patients receiving polytherapy performed worse in
the dynamic balance test as compared to patients
on monotherapy. Arima et al.,13 who studied the
swaying of the center of gravity in 16 adult patients
with epilepsy, had also found that abnormal swaying
patterns were more frequent in patients on poly-
therapy as compared to monotherapy. As can be
expected and similar to our results, they had also
found that the swaying patterns were more dis-
turbed with eyes closed as compared to eyes open.
Munoz-Garcia et al.,14 who had studied retrospec-
tively 95 patients with epilepsy, found that thosewith truncal ataxia had epilepsy for a longer period
of time and received a larger number of drugs as
compared to the non-ataxic patients. They did not
find any association between the presence of trun-
cal ataxia and the presence of tonic—clonic seizures
(primary or secondarily generalized) and concluded
that seizure-induced anoxia did not seem to have a
significant role in the causation of truncal ataxia in
epilepsy patients.
Since GTCSs have occurred in all our patients,
disregarding their epilepsy type, it was assumed
that if differences in balance function would be
found between patients with localization-related
and generalized epilepsy, they should be attributed
to factors other than seizure-induced anoxia. The
higher SI we found in most balance tests in patients
with localization-related epilepsy as compared to
patients with generalized epilepsy can be attributed
to structural abnormalities in only one patient with
an insular lesion, since the vestibular cortex was
found to be located in the posterior insula.15 The
imaging abnormalities we have found in the other six
patients with localization-related epilepsy were not
located in cerebral regions identified as parts of the
vestibular cortex. Although vertigo was elicited by
direct stimulation of the superior temporal neocor-
tex, similar sensations were not described in mesial
temporal sclerosis.16
Postural stability requires a continuous integration
of the input perceived through components of the
peripheral nervous system, including the visual, pro-
prioceptive and vestibular systems. Output is mainly
expressed by the function of themotor systems, with
continuous modulation by cerebellar and cognitive
effects.17 Central vestibular mechanisms are prob-
ablymoredysfunctionprone inepilepsypatients than
other components of the vestibular system. Cerebral
lesions, which constitute seizure etiologies, may be
located in proximity to the vestibular cortex.18 AEDs
may disrupt gaze stabilization and the co-ordination
of eye movements, both considered important con-
tributors to postural stability.19 Different aspects of
cognitive function can be impaired by epileptiform
discharges, both ictal and interictal, along with cer-
ebral lesions and AEDs.20—24 For instance, attention
which is oneof the constituents of cognitive function,
is also an essential factor in themaintenance of static
and dynamic equilibrium.17 It can be affected not
only by interictal and ictal epileptiform activity but
also by AEDs and structural lesions in certain cerebral
regions. Balancedysfunction in epilepsypatientsmay
therefore be multifactorial and should be evaluated
with a systematic reference to each of the possible
factors.
Balance (posture) analysis of the level now
allowed by computerized platforms, enables a
Balance performance in adult epilepsy patients 589totally different prospective compared to clinical/
visual examination. Specifically, these instruments
can highlight relationships that hitherto were
neither recorded nor even expected while poten-
tially yielding sensitive parameters for monitoring
change/progression. This technolgical break-
through comes however at the expense of develop-
ing strict testing protocols as the derived findings
relate to the functional-volitional facet of human
performance. In this context-establishing test sen-
sitivity and specificity is imperative.
Our study group was relatively small and hetero-
genous and only a minority of the results were
statistically significant. However, our results suggest
that posturography can improve the evaluation of
balance function in epilepsy patients, especially in
patients with a normal neurological examination.
The role of posturography in balance monitoring and
therapy in these patients should be further investi-
gated.Acknowledgement
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